Abstract The objective of this study was to compare surgical outcomes for laparoscopically assisted vaginal hysterectomy (LAVH) with total laparoscopic hysterectomy (TLH) in three teaching hospitals in the Netherlands. This study is a multicenter cohort retrospective analysis of consecutive cases (Canadian Task Force classification II-2). One hundred and four women underwent a laparoscopic hysterectomy between March 1995 and March 2005 at one of three teaching hospitals. This included 37 women who underwent LAVH and 67 who underwent TLH. Blood loss, operating time, and intraoperative complications such as bladder or ureteric injury as well as conversion to an open procedure were recorded. In the TLH group, average age was statistically significant lower, as well as the mean parity, whereas estimated uterus size was statistically significant larger, compared to the LAVH group. Main indication in both groups was dysfunctional uterine bleeding. In the TLH group, mean blood loss (173 mL) was significant lower compared to the LAVH group (457 mL), whereas length of surgery, uterus weight, and complication rates were comparable between the two groups. The method of choice at the start of the study period was LAVH, and by the end of the study period, it had been superceded by TLH. LAVH should not be regarded as the novice's laparoscopic hysterectomy. Moreover, with regard blood loss, TLH shows advantages above LAVH. This might be due to the influence of the altered anatomy in the vaginal stage of the LAVH procedure. Therefore, when a vaginal hysterectomy is contraindicated, TLH is the procedure of choice. LAVH remains indicated in case of vaginal hysterectomy with accompanying adnexal surgery.
Introduction
Hysterectomy is the most frequently performed major gynecologic surgical procedure annually throughout the world [1] . The most common indication for hysterectomy is uterine fibroids, followed by dysfunctional uterine bleeding [2] . Regarding the procedure, three different approaches can be distinguished-abdominal, vaginal, and laparoscopic. Traditionally, abdominal hysterectomy (AH) has been used for Gynecological malignancy or if the uterus is enlarged. Vaginal hysterectomy (VH) was originally used only for prolapse, but it is now also used for dysfunctional uterine bleeding when the uterus is of fairly normal size [3] . Laparoscopic hysterectomy (LH) was introduced in 1988 and published in 1989 by Harry Reich as an alternative to abdominal hysterectomy. The first LH was set up as LH, as both uterine arteries were ligated laparoscopically, and most of the vagina opened laparoscopically. In 1992, already Reich described his foremost total laparoscopic hysterectomy (TLH) [4] . However, in the 1990s, most gynecologists "adopted" the alternative laparoscopic-assisted vaginal hysterectomy (LAVH), an operation in which the upper blood supply to the uterus was ligated laparoscopically followed by a vaginal hysterectomy. Laparoscopic hysterectomy in general requires other technical skills than the vaginal or abdominal method [5] .
A recent meta-analysis compared the three methods stated above in detail [3] . Significantly improved outcomes already confirmed that VH should be performed in preference to AH whenever possible. LH (in general) can avoid the abdominal approach and shows benefits in lower intraoperative blood loss, smaller drop in hemoglobin level, shorter duration of hospital stay, speedier return to normal activities, fewer wound, or abdominal wall infections, fewer unspecified infections, however, at the cost of longer operating time and more urinary tract (bladder or ureter) injuries [3, [6] [7] [8] [9] [10] .
When it comes to laparoscopic hysterectomy, a variety of associated operations can be distinguished. Garry et al. delineated this evolution of different LH procedures in Table 1 [11] . Whereas several prospective studies already thoroughly compared the LH in general versus conventional hysterectomy methods, unfortunately, no proper randomized controlled trial comparing LAVH versus TLH has been set up yet. Until now, only expert's opinions are available [5] . Therefore, this retrospective study aims to compare recorded data on two types of LH, i.e., LAVH and TLH, with respect to indication, operative characteristics, and adverse outcomes. The results could indicate whether a prospective study should be designed or not.
LAVH, introduced as a "prototype" of laparoscopic hysterectomy in the early 1990s of the last century, has a reputation for its easy implementation into daily practice as well as being an often overused expensive procedure [5] .
The latter can be explained as skilled vaginal surgeons rarely find the addition of a laparoscope necessary. TLH, on the other hand, faces a slow implementation rate in many clinics due to required new and complex laparoscopic skills and extensive length of surgery [12] . Especially in the Netherlands, LH knows a slow implementation rate (4% of all hysterectomies) possibly because of a tradition in vaginal hysterectomy.
Since the introduction of LH in the Netherlands, AH shows a declining trend [13] . Both LH and VH are practiced more often, the latter demonstrating a steeper implementation curve. With the slow but significant move from LAVH to TLH, this study aims to analyze these two procedures in order to highlight possible differences.
Materials and methods
Three teaching hospitals (of which one is a university hospital) in the west urban area of the Netherlands, which introduced LH in the same era, participated in this retrospective study. Each teaching hospital practiced identical techniques (regarding LAVH, TLH, and supracervical laparoscopic subtotal hysterectomy (SLH)). From the beginning, Harmonic Scalpel hook and bipolar forceps were used for ligation. Except for closure and suspension of the vaginal cuff, no sutures were applied. In LAVH, the vaginal cuff was closed vaginally with interrupted sutures. In TLH, the vaginal cuff was closed laparoscopically with interrupted figures-of-eight, herewith suspending the sacrouterine ligaments. Participating gynecologists were thoroughly trained vaginal surgeons with special interests in advanced laparoscopic gynecological surgery.
One hundred and four consecutive cases of women who underwent a laparoscopic hysterectomy between March 1995 and March 2005 were analyzed. This included 37 LAVHs and 67 TLHs. Three laparoscopic hysterectomies were converted intraoperatively. SLHs were excluded in order to compare the remaining two groups. As a frame of Total laparoscopic hysterectomy 5
Laparoscopic supracervical hysterectomy including classical interstitial Semm hysterectomy 6
Vaginal hysterectomy with laparoscopic vault suspension or laparoscopic pelvic reconstruction 7
Laparoscopic hysterectomy with lymphadenectomy 8
Laparoscopic hysterectomy with lymphadenectomy and omentectomy 9
Laparoscopic radical hysterectomy with lymphadenectomy Table 1 LH classification [11] reference, the majority (90%) of hysterectomies performed during this study period were either vaginal or abdominal (equally distributed). The case history notes were manually reviewed, and epidemiological data were extracted including age, parity, estimated uterus size, and main indication. Blood loss was determined by the surgeon and recorded in the operative notes. Blood loss was invariably estimated by subtracting the applied irrigation fluid from the postoperative fluid level in the suction bottle. Possible vaginal blood loss was estimated and added to the total blood loss. The time taken to complete the procedure (skin-to-skin) was recorded from the anesthetic chart. Uterus weight was determined postoperatively. Length of stay was measured by available hospital files. Hospital stay was calculated taking day 1 as the first day following hysterectomy. Complication rates were extracted from medical charts and the weekly post surgery conferences, in which eventual adverse outcomes were discussed. Major complications (i.e., adverse outcomes demanding further treatment) were defined as blood loss exceeding 1,000 mL, a blood transfusion due to a postoperative clinical relevant drop in Hemoglobin or bladder/ureteric injury. Minor complications (i.e., adverse outcomes recovering in absence of further treatment) were defined as occurrence of postoperative vault abscess or hematoma, urinary tract infection, or fever. Analysis was performed using SPSS 16.0 statistical software (Chicago, IL, USA). Differences between groups were assessed with the Chisquare test for proportions in independent samples and t tests for continuous variables, nonparametric Kolmogorov-Smirnov Z tests and Wilcoxon rank sum tests were used to asses normal distribution and to assess differences if parameters lacked a normal distribution (e.g., blood loss), 95% confidence intervals (95% CI) were calculated, P<0.05 were considered statistically significant.
Results
Women in the TLH group were statistically significant younger and had a lower parity compared to the women in the LAVH group (Table 2 ). In the latter group the main indication for hysterectomy was significantly more frequently the existence of a (pre) malignancy, whereas in the TLH group statistically significant more frequently the main indication was dysfunctional uterine bleeding. Table 3 details the intraoperative and postoperative parameters in the LAVH and TLH groups. Mean estimated blood loss (± SD) was 456.8 mL (±893.7) and 173.1 mL (±188.2) in LAVH and TLH groups, respectively (P<0.05). In the LAVH and TLH groups, mean length of surgery was 144.3 min (±40.0; range 90-255) and 150.7 min (±47.7; range 60-320), respectively. Mean uterus weight was 165.3 g (±120.7) and 207.2 g (±120.7), respectively. These differences are not statistically significant. Length of patient stay was 6.1 days (±2.1) and 4.3 days (±2.0), respectively (P<0.05). As a frame of reference, in The Netherlands, as in many neighboring countries, "overnight" stay for a L (AV)H is highly unusual.
One woman in the LAVH group as well as one woman in the TLH group sustained a blood loss in excess of 1,000 mL. Three women in the LAVH group and two women in the TLH group needed a blood transfusion due to a postoperative clinical relevant drop in hemoglobin. After excluding the patients with blood loss in excess of 1,000 mL, analysis still yielded a significantly higher mean estimated blood loss in the LAVH group (312.5±171.7 mL) versus the TLH group (157.6±139.6 mL; P<0.05).
Linear regression revealed no statistically significant association between uterine weight and estimated blood loss or length of surgery in both groups.
Major and minor complications are detailed in Table 4 . Almost 22% of LAVH cases were associated with a Three laparoscopic hysterectomies were converted intraoperatively due to a complication (twice due to insufficient hemostasis, once due to a profuse bleeding of the uterine artery which failed to be sutured laparoscopically). Without exception, the conversions took place in the TLH group.
Discussion
In this study, TLH shows considerable advantages over LAVH with respect to blood loss, with comparable length of surgery and complication rates.
Several possible explanations for these differences should be stated. First of all, it must be considered that participating surgeons during this study period were still in their learning curve. Furthermore, during the transition period from LAVH to TLH (range period of LAVH expertise, 28-106 months) laparoscopic skills of the surgeons were already more refined, which may contribute to more favorable outcomes in the TLH group. However, the initial experience with TLH was achieved with a major adjustment to technique and, thus, represents a learning curve of its own, as has been verified in similar studies [14, 15] . In contrast with the general opinion that TLH is characterized as a procedure rather challenging to acquire, several studies show a reasonable learning curve not seldom similar to conventional open methods [16] [17] [18] [19] . Concerning the evolvement of instrumentation, we would like to notify that every LH in this study was performed with the use of ultrasonic and bipolar energy. In contrast with other publications, no suture ligation (except for vaginal cuff closure) was applied [20] .
Moreover, it is recognized that the groups vary in terms of patient characteristics and main indication. Women who underwent LAVH were prone to be older and above all, The LAVH group shows a significantly higher blood loss, with comparable length of surgery and uterus weight more multiparous at the time of the intervention compared to women who underwent TLH. Taking into account the extension of indications in the field of laparoscopic hysterectomy during this study period, in which time for example fewer enlarged uteri were removed conventionally, meanwhile a decline in age (accompanied with an on average bigger uterus) is shown. The latter might explain the found differences. In addition, the most remarkable finding in this study is the striking higher mean blood loss in the LAVH group, which is confirmed by other studies [14, 15] . As stated above, position of the surgeon in her/his learning curve and ongoing technical innovations do partially explain this difference. However, in addition to this, we would like to mention the possible influence of the altered anatomy of the corpus uteri and surroundings in the vaginal stage of the LAVH procedure, inflicting the surgeon's familiar sight of anatomical landmarks. On the other hand, when it comes to uteri without descensus, some surgeons claim to create descensus by applying LAVH. However, their line of thought that disconnecting the pedicles of the round ligament as well as the cardinal ligament will facilitate descensus laparoscopically does not hold. In our opinion, descensus is directly related to the firmness of the uterosacral ligaments [21] [22] [23] . In the classical LAVH, these ligaments are clamped vaginally. Therefore, being developed as an alternative to abdominal hysterectomy the laparovaginal approach should be regarded as rather illogical.
The arguments stated above contribute to our opinion that LAVH nowadays knows fewer indications compared to the era of its introduction. In fact, in presence of sufficient descensus and an introitus wide enough to have the operation field exposed, both needed to perform LAVH, a vaginal hysterectomy is proved to be preferable regardless of estimated uterus size [3, 20, 24] . The LAVH (levels 1-3 in the Garry classification, Table 1 ) remains solely indicated in case of vaginal hysterectomy, with expected adhesions or endometriosis hindering vaginal surgery or planned accompanying adnexal surgery.
At this point in history, at which every comparison study concerning the putative advantages of one form of surgery over another preferably is designed as a randomized clinical trial, we strongly recommend to keep in mind the outcomes of retrospective studies like this [10, 25, 26] .
Although we confirm the advantages of a prospective comparison between these two types of surgery, we must be taken aware of distinct differences as observed in this study. Of course, the improved global experience with LH in general does add to better outcomes in the TLH group in comparison with the "historical" LAVH group. However, as TLH now proves to be a safe procedure that can be achieved with low blood loss, LAVH still happens to know a higher mean blood loss due to the earlier mentioned altered anatomy [14, 15] .
Concerning observed complications, even with improved techniques, this study shows a ureteric injury rate of 3% in the TLH group, which is comparable with other complication studies [7, 8] . However, as is confirmed by a recent study, we expect this rate to decline to a rate comparable with the abdominal approach after completing the learning curve for this procedure [27] . Both ureter lesions during this study were recognized postoperatively and before discharge. Both patients required repair by laparotomy.
In conclusion, the results from our study show that LAVH should not be regarded as the novice's laparoscopic hysterectomy. The LAVH should be considered as an specific surgical approach with its own distinctive indication. Vaginal hysterectomy should remain "no. 1" in the domain the gynecological surgeon. VH should, therefore, remain incorporated in the arsenal of the gynecologist-intraining, apart from training in laparoscopy. Expert vaginal surgeons need to train laparoscopic skills in a safe environment (skills lab, assisting salpingo ophorectomies, etc.) before one can start doing the incidental LAVH. Surgeons who are well trained in VH and consider acquiring skills in LH should keep in mind the flow chart as depicted in Fig. 1 . If gynaecologists receive appropriate surgical training in laparoscopic techniques, TLH is a recommended option in case of a vaginally inapproachable uterus. In our opinion laparoscopic hysterectomy should not assist vaginal surgery when no additional (adnexal) pathology is present. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
